Introduction
Two schools of thought are emerging from the debate over the role indigenous people can can expect to take in the effort to conserve biodiversity (e.g. Alcorn, 1993; Redford and Stearman, 1993) . One school might be described as believing that 'the commitment of indigenous people to conservation is complex and very old' (Alcorn, 1993, p. 425; also Posey, 1985; Clay, 1988; Bunyard, 1989) . The second view is that indigenous people are no different from the rest of humanity. Their activities reflect a short-term interest in their own welfare and that of their families; they are expected to over-exploit their environment if that is what is required to meet those goals (Redford, 1991; Hames, 1987 Hames, ,1991 Alvard, 1993a Alvard, , b, 1994 .
The disparity has arisen for a number of reasons, perhaps related to how 'conservation' is defined (Alvard, 1993b; Redford and Stearman, 1993) . It has been argued that it is an error to conclude that indigenous groups are conservationists simply because they are not over-exploiting their resources. True conservation must involve paying a short-term cost in anticipation of long-term benefits (Alvard, 1993b (Alvard, , 1994 . Many indigenous groups use resources in sustainable ways only because they do not possess the ability to cause serious environmental degradation, rather than because they limit what they acquire.
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This is changing, however. Many indigenous groups are undergoing rapid transformations, with some communities moving from a Neolithic way of life to a post-modern one in less than a generation; the Yanomamo of Brazil and Venezuela are a timely example (Chagnon, 1993) . Larger and more dense settlements, and access to markets where meat can be sold create a situation where native groups, who in the past may not have overhunted, now have the ability to easily deplete their prey.
One vector of change that is often cited as particularly important in this regard is technological change, and the use of shotguns is often mentioned as one of the major factors contributing to over-hunting (Mittermeier, 1987) . Although traditional hunting technology, such as bows, blowguns and spears, are effective, indigenous groups often adopt shotgun technology as it becomes available from outside groups. While there is no doubt that shotguns are more productive hunting weapons, their effect on the sustainability of indigenous hunting has not yet been fully evaluated in the context of other changes (see, however, Hames, 1979; Yost and Kelly, 1983; Redford and Robinson, 1987) .
Below the hunting yields of two native Neotropical communities are compared: one group are bow-hunters, the other group primarily shotgun-hunters. The aim of this paper is to show that the adoption of shotguns does not necessarily lead to larger harvests. It will be demonstrated that there is little difference in the size of the per capita harvest in the two study villages, as would be expected if the shotgun hunters were using their increased killing power to harvest more meat. While the total harvest is larger for shotgun hunters compared with bow-hunters, it is directly proportional to the larger population size of their village. However, this result is consistent with the conclusion that indigenous people are quite capable of over-exploiting their environment, given the capacity and incentive.
The study site and the two indigenous communities
Research was initiated in 1988 to study the hunting activities of two communities of Neotropical hunter-horticulturalists: the Piro and the Machiguenga. The two groups live in the tropical rain forests of south-eastern Peru in and around Manu National Park (Figure 1 ). The park encompasses more than 15,000 sq km and covers nearly the entire drainage of the Mami River. The Piro and Machiguenga differ in a number of important ways (Table 1 ; also see Alvard and Kaplan, 1991; Alvard, 1993a Alvard, , b, 1994 , for more details) Approximately 100 Machiguenga live in the village of Yomiwato, which is located inside Manu Park on a small tributary of the Manu River. The Yomiwato economy is entirely subsistence based. Cultivation of manioc and plantains supplies the bulk (70 per cent) of the calories consumed. Hunting and fishing with bow and arrow, and hook and line provide most of the protein and fat in their diet. Within the boundaries of the park all extractive commercial activities are prohibited, as is shotgun hunting. Hunting is strictly by traditional means, the bow being the primary hunting weapon. There is no market participation.
Ninety kilometres south-east of Yomiwato and just outside the Manu Biosphere reserve zone on the Alto Madre de Dios River, live more than 200 Piro in the village of Diamante. The Piro share the Machiguenga's reliance on horticulture, hunting and fishing to provide the bulk of their food. Approximately 7 per cent of the calories consumed in Diamante, however, were purchased commercial foods such as rice, flour, sugar and alcohol. The Piro of Diamante have had a longer history of contact with the outside world and, because they live outside the park, they have no restrictions on technology. The community owns a chainsaw and a 55-hp outboard boat motor; a number of families own small 16-hp motors for their dugout canoes, and seven men own shotguns, which in addition to traditional bows, are commonly used to hunt. While the Piro are very proficient bow hunters, 87 per cent of the meat by weight was harvested with shotguns during the study period. Market participation varies with the expansion and contraction of the local Peruvian economy. Some men occasionally work as boat drivers for river traders while others cut and sell lumber.
Inside Manu National Park, located about half-way between the two villages, is the biological research station of Cocha Cashu, where J. Terborgh and his students have been conducting ecological studies since the early 1970s (Terborgh, 1983) . Many of the hundreds of species of birds and mammals recorded at Cocha Cashu are preyed upon by the Piro and Machiguenga, although only a few are important either in terms of numbers killed or in terms of their importance to the diet of the people. Table 2 lists mammal species that were encountered during observed hunts with the Piro and Machiguenga. were spent with the Piro and 7 months with the Machiguenga. The author collected data from the Piro and H. Kaplan and K. Kopischke collected the Machiguenga data.
Methods
The data were collected using both interview and direct observation methods. To determine the per capita harvest, a sample of households in each community were visited every 3 days and interviews were conducted to determine all mammalian game killed since the last visit. The Piro and Machiguenga samples consisted of 116 and 85 consumers respectively. A consumer was defined as an individual over 3.5 years of age. For each consumer in the sample, the number of days present in the community were summed across the study period; the total number of days for each consumer was summed to determine the total number of consumer days sampled. A total of 37,003 consumer-days were observed for the Piro and 7133 for the Machiguenga. Each animal killed was multi-plied by the appropriate estimated weight for the species. The values were summed and divided by the total number of consumer-days observed to determine the grams per consumer harvested per day.
Ninety-five hunts were also directly observed -16 for the Machiguenga and 79 for the Piro. Hunters were followed into the forest and their behaviour recorded and timed: travel, encounters with prey, pursuit of game, and kill. The following data were obtained for all animals killed: species, sex, age, reproductive status and weight. In addition, interviews were conducted with the Piro concerning hunts not directly observed. Interviews consisted of questions relating to the date, the participants and the location of the hunt. Because the Piro were familiar with western time-keeping and were remarkably good at assigning times by the position of the sun, times of departure and return were also elicited. Hunters were asked to list all game encountered, those pursued and those killed. Mean weights for prey were assigned, and return rates calculated. In total, 124 interviews were conducted with Piro hunters.
The technology
The greater productivity of shotguns compared with other weapons such as bows and blowguns has been demonstrated (Rambo, 1978; Hames 1979; Yost and Kelly 1983) and this is also true for this study (Table 3) . The return rates (total undressed kg acquired divided by total hours hunted) for Piro shotgun hunts were uniformly high for all the samples, ranging between 1.17 and 1.5 kg per hour of hunting. The Machiguenga bow hunters obtained only 0.10 kg/h during 16 observed hunts. Because of the small number of Machiguenga hunts observed, this 10-fold difference may be an over-estimate. Fifty-three unobserved, but reported, bow hunts in Diamante had a higher return rate of 0.38 kg/h. The mean return rates from the combined samples of 69 bow hunts and 146 shotgun hunts are 0.327 kg/h and 1.37 kg/h, respectively. A Mann-Whitney LZ-test on the combined samples showed that this difference was statistically significant (z = -3.735, n = 215, P = 0.0002).
One reason shotguns are so much more effective is their ability to knock down and kill the prey. For the 1988-89 sample of observed hunts, Piro shotgun hunters averaged 1.3 shots per kill, while Machiguenga bow hunters averaged 30 shots (Alvard and Kaplan, 1991) . Machiguenga bow pursuits are also significantly longer than Piro shotgun pursuits (Alvard and Kaplan, 1991) . Arrows often miss their target or only wound the prey; shotguns frequently kill prey with a single shot.
The harvest
It was predicted that the Piro hunters would take advantage of the greater effectiveness of shotguns and harvest more meat than the Machiguenga hunters. That is, it was expected that the Piro's per capita harvest would be larger than the Machiguenga's. This, however, To determine the amount of meat sold by the Piro, interviews with the 28 hunters in the consumer sample were conducted in 1990-91. The interviews, representing 714 consumerdays, indicated that an average of 0.15 kg of game were sold per hunter per day, mainly to river traders supplying gold mines down river. This amounts to 4.24 kg for the sample per day or about 0.036 kg per consumer-day. Subtracting this amount sold from the per capita harvest in 1990-91, reduces the amount remaining in the village to 246 g per consumer-day at Diamante for that year.
It should be noted that each group obtained similar quantities of fish, the other primary source of protein and fat. Approximately 283 g and 313 g per consumer per day were harvested by the Machiguenga and the Piro, respectively in 1989-90 (Kaplan et ah, 1990) .
In spite of the fact that shotguns are more than four times as productive as bows, the average Piro did not consume more meat than did the average Machiguenga. This agrees with findings of Harner (1968) , Vickers (1976) and Hames (1979) , who worked with other Neotropical groups and report that, although shotguns are more efficient hunting weapons, the total amount of meat harvested with shotguns is not proportionally greater than the amount harvested with bows or blowguns.
This result has interesting corollaries. The first is that Piro hunters could easily obtain more meat per person, but do not. Apparently, increasing the harvest beyond a certain point has diminishing returns to Piro hunters. It is easy to imagine that the nutritional benefits, for example, from meat decline beyond a certain quantity, especially if there are opportunity costs involved in hunting. The same pattern is suggested with regard to hunting to obtain meat for sale. While approximately 13 per cent of the Piro harvest was sold outside the community, either the market demand did not warrant an increase in hunting effort and/or the hunters could pass their time more profitably engaged in other activities. It is reasonable to believe, however, that if the local market demand for meat increases sufficiently, the Piro would increase the time they devote to hunting (see Hames, 1992 for a discussion of time allocation theory).
The difference in return rates combined with the similarity in the per capita harvest indicates that the Piro are devoting much less time to hunting than the Machiguenga. One of the incentives to adopt shotgun technology in this case is not more meat, but is the time the Piro hunters save. Shotguns free up time that otherwise would have to be devoted to hunting if bows were the only weapons available. While it has yet to be determined quantitatively, it is likely that this time is used by many Piro hunters to engage in other activities such as wage labour.
Another possibility is that, while Piro hunters may not harvest more meat per con-sumer than Machiguenga hunters, shotguns allow Piro hunters to support more consumers. This possibility becomes apparent if the factors that control population growth in the two populations are examined. The two communities differ in their access ^o western medicines. The Machiguenga rely almost totally on traditional healing practices, although they have benefited in the past from occasional immunizations (Kaplan et ah, 1990) . In contrast, the Piro have had western medicines available since at least the arrival of a government-sponsored school teacher in the early 1970s. In 1990 a medical clinic was built, which is occasionally stocked with antibiotics, antihelminths and rehydration mix, although the presence of a health-care worker is very sporadic. As a result of these differences, infant mortality is relatively high and population growth is slow for the Machiguenga, while for the Piro the reverse is true and population growth is quite rapid (see also Kroeger, 1982 , Neel, 1982 . The difference in survivorship in the two communities is notable. Infant mortality in the Machiguenga community is 53.9 per cent to age 15 years, compared with 28.5 per cent at Diamante. This translates into an annual growth rate of 1.2 per cent at Yomiwato and 4.7 per cent at Diamante (Kaplan et ah, 1990) . Thus, while the harvest per consumer at Diamante is essentially the same, shotguns may make it easier to support the increasing numbers of consumers at Diamante.
Shotguns, human population size and sustainable hunting
Recent work suggests that the area around the Piro village of Diamante may be suffering from over-exploitation and the near local extinction of a number of prey species, especially the large primates (black spider monkey Ateles paniscus and red howler monkey Alouatta seniculus) (Mitchell and Raez, 1990; Alvard, 1991 Alvard, , 1993a . The area around the Michuenga village of Yomiwato, while perhaps depleted to some degree compared with the unhunted areas around Cocha Cashu, has much higher 64 densities of primates than the area around Diamante. This conclusion is supported by the higher rate of encounters with primate troops during hunts (see Alvard, 1993a) and primates accounting for a larger proportion of the Machiguenga's harvest (Figure 3) .
How can the overhunting of primates by the Piro best be explained if shotguns are not being used to harvest more meat? One probable answer lies in the difference in the number of consumers in each community. Diamante has a population more than twice as large as the Yomiwato. Diamante, including its outlying settlements, has a population of 247 persons (213 consumers). Yomiwato has a population of 99 persons (85 consumers). Because more people require more food, the amount of meat taken will be proportional to the number of consumers at each village, all other things being equal. Although the amount of meat harvested per consumer was essentially equal for the two communities, because Diamante has a larger population, absolutely more meat and more animals were harvested there. The total annual harvest of each community was calculated by multiplying the per capita harvest by the total number of consumers. The estimated harvest for the entire population of Diamante is 53 kg per day, almost two-and-ahalf times the amount killed in Yomiwato where the harvest was 20.7 kg per day. This brings us to the issue of culture change addressed in the introduction: what is it about western practices that cause the shift towards over-exploitation among indigenous people? One implication of the results presented in this paper is that it is not simply a change in hunting technology. The equivalent Piro and Machiguenga per capita harvest suggests that the difference in the total harvest is independent of technology and is simply a function of the consumer population size in each village. It follows that if the Machiguenga were allowed to use shotguns inside the park they would not deplete their prey populations, but only if their numbers are not allowed to increase. It is not technological limitations that work to limit exploitation, but rather factors that limit indigenous population growth and market participation.
Conclusion
How do these results relate to the questions posed in the introduction concerning the role of indigenous peoples and conservation? The Machiguenga may hunt in a sustainable manner, but this does not demonstrate a concern or a commitment by the Yomiwato community to conserve. This observation merely represents an inability on the part of the Machiguenga to over-exploit, because their numbers are small. If the Machiguenga are not conservationists, the result that Diamante hunters do not harvest more meat per consumer, even though shotguns give them the ability, indicates that the Piro are not wanton despoilers of nature either. It is primarily the greater number of consumers at Diamante, and not shotguns, that is responsible for the depletion at that site. There is no evidence, however, that individual Piro hunters are restraining themselves even though as a group they are overhunting (Alvard, 1993b (Alvard, , 1994 . Would it be expected that a hunter with a large and growing family kill fewer animals than could feed them? I am sure a Piro or Machiguenga hunter would answer no to this question.
